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Objectives. This study was designed to compare the usefulness 
of electron beam computed tomography for prediction of coronary 
stenosis with that of electrocardiographic (ECG) and thallium 
exercise tests. 
Background. Electron beam computed tomography can quan- 
tify coronary calcifications; however, its clinical value has yet to be 
established. 
Methods. Using the volume mode of electron beam computed 
tomography, we studied 251 consecutive patients who underwent 
elective coronary angiography because of suspected coronary 
artery disease and compared the results with those of ECG and 
thallium exercise tests. The total coronary calcification score was 
calculated by multiplying the area (>2 pixels) of calcification 
(peak density > 130 Hounsfield units) by an arbitrarily weighted 
density score (0 to 4) based on its peak density. The mean of two 
scans was log transformed. 
Results. Calcification was first noted in women in the 4th 
decade of life, -10 years later than its occurrence in men. Among 
patients with advanced atherosclerosis (two- and three.vessel 
disease), calcification scores were uniformly- high in women but 
ranged widely in men. Nine percent of patients with significant 
stenoses (>75% by densitometry) had no calcification. The calci- 
fication scores of patients with significant stenosis in at least one 
vessel were significantly higher than those of patients without 
significant stenosis in the study group as a whole and in most 
patient subgroups classified according to age and gender. A cutoff 
calcification score for prediction of significant stenosis, deter- 
mined by receiver operating characteristic curve analysis, showed 
high sensitivity (0.77) and specificity (0.86) in all study patients; 
sensitivity was similarly high even in older patients (>70 years) 
and was enhanced in middle-aged patients (40 to <60 years). The 
difference in specificity between calcification scores and ECG 
exercise test results had borderline significance (p = 0.058) and 
that between calcification scores and thallium test results was 
significant (p = 0.001). The latter difference became small but 
remained significant (p = 0.01) even after the reevaluation of 
thallium test results in light of each subject's clinical data. 
Conclusions. Quantification of coronary artery calcification 
with electron beam computed tomography noninvasively predicted 
angiographically confirmed coronary stenosis. Results obtained 
with this method were at least as useful and potentially better in 
some patient groups than those obtained with thallium and ECG 
exercise testing. 
(J Am Coil Cardiol 1995;26:1209-21) 
Coronary artery disease is a major cause of mortality and 
morbidity in industrialized nations. Current methods of screen- 
ing for this disease, such as electrocardiographic (ECG) and 
thallium exercise testing, can detect lesions only when they 
limit coronary artery blood flow. 
Early pathologic studies (1-5) established that coronary 
artery calcification occurs in the intima of the vessel wall and is 
invariably associated with atherosclerotic plaque. In clinical 
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practice, detection of coronary artery calcification by fluoros- 
copy (6-9) and conventional computed tomography (10) has 
been both sensitive and specific for the presence of coronary 
artery atherosclerosis. 
Electron beam (formerly called ultrafast) computed tomog- 
raphy has been found to be more sensitive than fluoroscopy in 
detecting calcification and may be useful for quantifying cor- 
onary artery calcification, thus providing a noninvasive method 
of detecting atherosclerosis (11-16). However, a recent com- 
parative study of pathologic and electron beam computed 
tomographic results (17) found that the degree of lumen 
narrowing appeared to vary widely even when the degree of 
detected calcification was similar. Therefore, the value of the 
tomographic technique as a screening test has yet to be 
established (18). 
In this study, we assessed the relation between the quanti- 
fication of coronary artery calcification determined by electron 
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beam computed tomography and the severity of angiographi- 
cally confirmed coronary atherosclerosis. We then compared 
the usefulness of the tomographic findings in the noninvasive 
diagnosis of coronary atherosclerotic disease with that of two 
other screening methods: ECG and thallium exercise testing. 
Methods  
Study patients. We prospectively studied consecutive 251 
patients (174 men and 77 women) between 16 and 86 years of 
age (mean [_+SD] 56 +_ 14) who underwent elective coronary 
angiography between May 1991 and May 1993. We excluded 
patients in unstable condition and those who had undergone 
previous coronary interventional procedures (bypass urgery 
or angioplasty). We also excluded patients who had abnormal 
Q waves in two or more ECG leads because they presumably 
had known coronary artery disease. In the present study, we 
included only patients who 1) presented with chest pain 
(induced by effort or occurring at rest, or both) suggesting 
angina pectoris, or 2) showed ECG findings at rest that 
indicated possible myocardial ischemia. The youngest patient 
enrolled was a 16-year old male youth who had been studied 
because of exercise-induced chest pain, a borderline ECG 
abnormality atrest, normal echocardiographic findings and a 
strong family history of coronary artery disease. The electron 
beam computed tomographic study was performed within 2 
weeks of angiography in most patients; in 12 patients it was 
performed 2 to 4 weeks before or after angiography. Informed 
consent was obtained from each patient. This study protocol 
was approved by our institutional Committee on Human 
Research. 
Segmental or diffuse coronary vasospasm (->95% by densi- 
tometry) that occurred spontaneously or was provoked by 
intracoronary administration of acetylcholine, reproducing 
chest pain and resulting in ischemic ECG changes, was dem- 
onstrated on angiography in 28 of 251 patients (we used 
acetylcholine because it could also examine ndothelial dys- 
function). Although we excluded patients whose angiograms 
showed coronary artery spasm and no atherosclerotic lesions, 
the incidence of angina related to vasospasm remained high in 
our study patients. 
Electron beam tomographic scanning. We obtained 20 
contiguous 3-ram thick slices through the base of the heart at 
a 100-ms can time (volume mode) using an Imatron C-100 
scanner. To cover the entire coronary artery tree, additional 
slices were obtained if necessary. The procedure was repeated 
within a few minutes after patients were repositioned on the 
couch according to previously established methods (19). 
Image analysis and quantification. Each scan image was 
evaluated by an experienced observer without knowledge of 
the clinical data. The analysis was confirmed by a cardiologist 
and a radiologist in a subsequent weekly conference, again 
without knowledge of the clinical data. A calcified lesion was 
defined as having a computed tomographic density ->130 
Hounsfield units (HU) with an area ->0.51 mm 2 (2 pixels). A 
calcification score was then determined by multiplying the area 
of calcification by an arbitrarily weighted ensity score based 
on the peak density in the identified eposit. Scoring was as 
follows: 1 = 130 to 199 HU, 2 = 200 to 299 HU, 3 = 300 to 
399 HU and 4 = ->400 HU. The total coronary calcification 
score was the sum of the scores of individual lesions 
(11,12,14,15,19). As we described previously (19), the determi- 
nation of calcification score assumed a constant variance with 
an increasing mean level, because the differences of the scores 
between repeated scans increased with their mean values. 
Because the radiation dose increases if a scan is repeated more 
often, we performed two scans in rapid succession in each 
patient. The mean of the log-transformed total coronary 
calcification scores was subjected to subsequent analyses. The 
mean difference of log-transformed calcification score values 
between repeated scans was 0.002 _+ 0.379. 
Coronary arteriography. Coronary arteriography was per- 
formed in multiple projections with the use of standard 
techniques. Each arteriogram was reviewed at weekly confer- 
ences by several experienced staff cardiologists who were 
unaware of the calcification scores. The degree of coronary 
artery stenosis was measured by computer-assisted cinevideo- 
densitometry with the use of a CCIP-310 (Cathex Inc., Tokyo, 
Japan). In a phantom study (20), the data obtained from this 
digital system were highly correlated with both the diameter 
(r = 0.94, p < 0.01) and the area (r = 0.95, p < 0.01) of actual 
stenoses. Significant coronary artery disease was defined as 
->75% densitometric narrowing in any major coronary artery, 
including diagonal and marginal vessels. Because the quality of 
the angiograms in 10 lesions of eight patients did not permit 
densitometric evaluation, eight of these lesions howing ->50% 
diameter narrowing were considered to have significant nar- 
rowing. 
Electrocardiographic exercise testing. Symptom-limited 
treadmill exercise testing with the standard or modified Bruce 
protocol was performed. Ischemic hanges during daily activity 
had previously been confirmed in the hospital in 26 patients, 
who were classified as having positive exercise test results 
without a treadmill test. Exercise was continued until one or 
more of the following end points were reached: 1) one or more 
ECG leads demonstrated ->0.1 mV flat or downsloping ST 
segment depression consistent with ischemia; 2) achievement 
of 90% of the predicted maximal heart rate; 3) inability of the 
patient o exercise further (fatigue, dyspnea, dizziness); or 4) 
other standard indications for terminating exercise testing 
(substantial blood pressure change, significant arrhythmia). 
The following ST segment changes were considered toindicate 
an abnormal result (positive test): 1) ->0.1 mV depression 
0.08 s from the J point, or 2) ->0.1 mV elevation in a non 
Q-wave lead in a patient without a previous myocardial 
infarction. The test results were reviewed independently b  two 
senior cardiologists who were unaware of clinical data and 
calcification scores. Differences in individual interpretation 
were resolved by consensus. Ischemic ST changes were ob- 
served in a single lead in only two patients, and both patients 
had significant coronary stenoses. 
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Thallium exercise testing. All patients fasted overnight 
before the test. All cardioactive medications except sublingual 
nitroglycerin were withdrawn _> 16 h before the test. For each 
study, 3 mCi (111 MBq) of thallium-201 was injected intrave- 
nously; the injection was performed at the time of the peak 
exercise achieved with conventional bicycle ergometry, as 
defined by the symptom-limited nd points just described for 
treadmill exercise. The patient was then encouraged to exer- 
cise for another 60 s to ensure that the initial myocardial 
uptake phase would reflect the perfusion pattern that was 
present at peak stress. Imaging began within 5 rain of injection 
and was repeated 3 h later to assess the presence or absence of 
redistribution. Single-photon emission computed tomographic 
imaging was performed by using the rotating amma-camera 
SNC-510R (Shimadzu Co., Kyoto, Japan) as follows. Images 
were obtained by using a circular orbit over a 180 ° range 
starting at the 45 ° right anterior oblique projection and ending 
at the 45 ° left posterior oblique projection. Each of 32 projec- 
tions was obtained with a 64 × 64 matrix for 25 s/image. Each 
projection was corrected for nonuniformity with a 100-million 
count thallium-201 flood. Projections were obtained by the 
standard filtered back-projection technique with the use of a 
Shepp-Logan filter. No scatter or attenuation correction was 
used. The long axis of the left ventricle was identified from 
these transaxial images, and oblique angle images were gener- 
ated in short-axis, vertical ong-axis and horizontal long-axis 
orientations. Oblique angle tomograms were reconstructed on
the basis of the long axis of the heart. 
The initial and 3-h delayed images were interpreted inde- 
pendently by three experienced observers (one radiologist and 
two cardiologists) without knowledge of clinical data, the 
results of coronary arteriography or calcification scores. After 
the short-axis, the vertical ong-axis and the horizontal long- 
axis views were displayed, a series of tomographic images was 
analyzed to investigate perfusion abnormalities. An abnormal 
area in the initial images demonstrating complete or partial 
redistribution i  the delayed images was considered to repre- 
sent myocardial ischemia nd was classified as a positive result. 
A perfusion defect hat remained unchanged in the delayed 
images was considered a myocardial scar and was also classi- 
fied as positive. Differences in interpretation among observers 
were resolved by consensus. 
These image interpretations were again performed after the 
clinical data of subjects were provided so that the data could be 
compared with clinical results. Clinical data consisted of three 
groups: 1) factors potentially influencing the procedure or 
image acquisition (age, gender and obesity); 2) associated 
coronary risk factors (family history of coronary heart disease, 
current smoking, hypertension, diabetes mellitus, low density 
lipoprotein cholesterol evel >160 mg/di and high density 
lipoprotein cholesterol level <35 mg/dl); and 3) the reason for 
termination of exercise during stress testing. 
Statistical analyses. All statistical nalyses were performed 
by using the log-transformed total coronary calcification score 
values. The differences between two independent groups were 
tested by using a nonparametric method, the Mann-Whitney U 
test, because the distribution of log-transformed calcification 
score values was extremely asymmetric insome patient groups. 
One-way analysis of variance was performed with the log- 
transformed calcification score values to analyze differences 
between subgroups with different degrees of coronary athero- 
sclerosis by using a nonparametric method, the Kruskal-Wallis 
test. 
The ability of the screening method to predict angiographi- 
cally confirmed coronary stenosis was evaluated by calculating 
sensitivity, specificity, positive and negative predictive values, 
and accuracy. 
Agreements between the assessments of each pair from 
three screening methods were investigated by calculation of 
the kappa value. To compare their abilities in the same sample 
of individuals, we used the McNemar test, because the propor- 
tions were paired, making the chi-square test inappropriate 
(21). A p value < 0.05 was accepted as statistically significant; 
a p value < 0.1 was considered toshow borderline significance. 
Resu l ts  
Gender diference in the relation between coronary calcifi- 
cation and severity of atherosclerosis. Coronary artery calci- 
fication was first observed in men in the 3rd decade of life. Its 
frequency and extent gradually increased with age (Fig. 1). In 
women, coronary artery calcification was first noted in the 4th 
decade of life and its incidence increased markedly after the 
age of 50 years. 
Patients were classified into subgroups according to the 
number of vessels with angiographically defined significant 
coronary stenosis. Patients with significant stenosis in the left 
main trunk (n -- 21) had one or more additional significant 
coronary lesions. Thus, "vessel" refers to the right coronary, 
left anterior descending and left circumflex coronary arteries. 
There were significant differences in log-transformed total 
coronary calcification score levels among roups with no, one-, 
two- and three-vessel disease in the total study group, in men 
and in women (Fig. 2). Distribution of log-transformed calci- 
fication score values among four subgroups was quite similar 
among all subjects and in men; these values differed signifi- 
cantly between each pair of subgroups, except for those with 
one- and two-vessel disease. In women, distribution of log- 
transformed total coronary calcification score values in the 
group with one-vessel disease was broad and that in the group 
with two- or three-vessel disease was narrow in comparison 
with that in men. Although significant differences existed 
among roups according to the number of diseased coronary 
arteries, values appeared to overlap (Fig. 2). 
Coronary artery calcification was not detected in 12 (9%) of 
133 patients with significant angiographically confirmed steno- 
sis in at least one vessel (10 of 60 patients with one-vessel 
disease and 2 of 43 with two-vessel disease). 
There was no significant difference in gender distribution of 
log-transformed calcification scores with regard to patient 
group and one-vessel disease. In those with two- and three- 
vessel disease, ahigher proportion of women than of men had 
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Figure 1. Age and total coronary calcification score 
(TCS) in patients with various degrees of coronary 
atherosclerosis. Correlations between age and the log- 
transformed total coronary calcification score 
[In(I+TCS)] were determined for men (closed cir- 
cles) and women (crosses) classified by the number of 
vessels with significant coronary atherosclerosis (0- to 
3-vessel disease [VD]). A total of 70 men and 48 women 
had no significant coronary artery disease (0 VD); 45 
men and 15 women had one-vessel disease (1 VD) 35 
men and 8 women had two-vessel disease (2 VD); 24 
men and 6 women had three-vessel disease (3 VD). 
2o 3o 4o " ;o 6o 7o " 8o 90 
Age (yr) 
high log-transformed calcification score values (Fig. 1). In the 
group with no-vessel disease, incidence and extent of coronary 
artery calcification increased with age in both men and women 
(Fig. 1). 
Quantification of coronary calcification and noninvasive 
prediction of coronary atherosclerosis. Patients with coronary 
atherosclerosis had significantly higher log-transformed total 
coronary calcification score values than did patients without 
coronary atherosclerosis in the study group as a whole and 
among groups of patients classified by age, except for the 
youngest group (Fig. 3). This difference was most prominent in 
men aged 40 to -<60 years and in women ->60 years. 
A log-transformed total coronary calcification score of 0 
showed a sensitivity and specificity of 0.91 and 0.50, respec- 
tively (Fig. 4). A log-transformed calcification score value of 
3.0 was identified as the cutoff level with the highest sensitivity 
(0.77) and the lowest false positive rate (0.14)when data were 
analyzed with a receiver operating characteristic curve (Fig. 4). 
When the data for each age group were similarly analyzed (Fig. 
4), the optimal cutoff level ranged from 0 to 4.0 (Table 1), and 
the calcification score appeared to be more predictive in 
middle-aged patients (40 to -<60 years) than in the youngest 
(<40 years) and oldest (->70 years) groups. In addition, 
calcification scores appeared to be more predictive in men than 
in women among middle-age patients (40 to -<60 years), but 
more predictive in women than in men among older patients 
(->60 years) (Fig. 4). 
Comparison of total coronary calcification score with exer- 
cise stress tests. The ECG and thallium exercise tests had a 
sensitivity of 0.74 and 0.83, respectively, and a specificity of 
0.73 and 0.60, respectively, in the overall group of 251 patients 
(Tables 2 and 3). Positive test results in both stress tests and in 
either test showed a sensitivity of 0.65 and 0.93, respectively, 
and a specificity of 0.84 and 0.49, respectively (Tables 4 and 5). 
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Figure 2. Total coronary calcification score in patients with various 
degrees of coronary atherosclerosis. The boxes indicate the lower and 
upper quartiles; the center lines represent the median. The bars below 
and above the boxes indicate the 10% and 90% values, respectively. 
Differences between paired groups were analyzed by the Mann- 
Whitney U test (#p < 0.05; ##p < 0.01; ###p < 0.001). Differences 
among four subgroups (0 to 3 VD) were assessed by the Kruskal-Wallis 
test for all study subjects and for men and women. Abbreviations a in 
Figure 1. 
results and positive results in either stress test. Moreover, 
significant differences in specificity were observed between 
results of electron beam computed tomographic study and 
thallium stress testing, between those of ECG and thallium 
stress testing, and between results of electron beam computed 
tomographic study and positive results in either of these two 
stress tests. Differences in specificity between electron beam 
computed tomographic study results and ECG stress testing 
results showed borderline significance. Electron beam com- 
puted tomographic study appeared to be most informative in a 
middle-age group (40 -< 60 years) (Fig. 4). The validity was 
compared with that of other stress tests (Table 8). 
Reevaluation of thallium images with clinical data de- 
creased the number of false positive results from 48 to 33, and 
increased the number of true negative results from 70 to 85 in 
the total study group; the number of true positive and false 
negative results was not changed. These alterations resulted in 
an increase in specificity (from 0.60 to 0.72), positive predictive 
value (from 0.70 to 0.77) and negative predictive value (from 
0.76 to 0.81) but did not alter the sensitivity or the accuracy. In 
all five subgroups classified according to age, both specificity 
and positive predictive value also increased with the addition 
of clinical data, but these alterations were statistically insignif- 
icant (data not shown). The agreement between thallium 
testing and electron beam computed tomographic study results 
increased from 0.31 to 0.38, which was close to the agreement 
between electron beam computed tomographic study and ECG 
stress testing results (Table 6). Despite these alterations, a
significant difference (p = 0.01) in specificity between electron 
beam computed tomographic study and thallium results re- 
mained. 
Positive predictive values for significant coronary stenoses 
in patients with discordant results on the two stress tests are 
shown in Table 9. Although predictive values increased by age 
(p = NS), there was no significant difference in predictive 
values between these two tests showing discordant results in 
the study patients as a whole, in men and women and in each 
age group. These data indicated that it could not be deter- 
mined which of the discordant tests was accurate. 
Mean values of log-transformed total coronary calcification 
score in the patients with positive results in both stress tests, 
those with positive results in either test and those with negative 
results in both stress tests were 4.21, 2.18, and 1.35, respec- 
tively. All 26 patients who had already shown ischemic ECG 
changes during daily activity in the hospital had positive results 
on thallium stress testing. 
According to the kappa values, test results among these 
exercise tests and electron beam computed tomographic study 
showed fair (0.20 -< 0.40) to moderate (0.40 <- 0.60) agreement 
(Table 6) (21). In comparisons of sensitivity and specificity for 
predicting significant coronary stenosis among these three 
screening methods (Table 7), significant differences in senti- 
tivity were observed between electron beam computed tomo- 
graphic study results and positive results in both stress tests, 
and between electron beam computed tomographic study 
Discuss ion  
The present study demonstrated several important new 
findings. 1) Of patients with significant coronary stenoses, 
-10% showed no detectable calcification. 2) Gender differ- 
ences in the amount of calcification were observed. 3) Quan- 
tification of coronary calcification by using receiver operating 
characteristic curve analysis appeared to be highly predictive, 
especially in middle-aged patients. 4) Coronary calcification 
may be at least as useful and potentially better in some patient 
groups than are thallium and ECG stress tests for prediction of 
significant coronary stenosis. 
Stenoses without calcification. The prevalence and extent 
of coronary artery calcification increased with age in both men 
and women, even when no significant coronary stenosis was 
present (no vessel disease), consistent with findings of previous 
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Figure 3. Total coronary calcification score, according to age and 
gender, in patients with (hatched boxes) or without (open bars) 
significant coronary atherosclerosis in at least one vessel. Differences 
between the groups with and without significant stenosis were assessed 
by the Mann-Whitney U test (#p < 0.05: ##p < 0.01; ###p < 
0.001). Abbreviations a in Figure 1. Format as in Figure 2. 
fluoroscopic (6-8), pathologic (2) and electron beam com- 
puted tomographic studies (11,22). In the present study, two 
men (54 and 69 years old, respectively) had no calcification 
even though they were classified as having two-vessel disease. 
One showed two stenoses with 80% densitometric narrowing, 
and the other had stenoses with 76% and 82% narrowing. In 
both patients, primary hypercholesterolemia w s the only risk 
factor. In previous studies using electron beam computed 
tomography, the percent of patients with clinically significant 
disease who showed no detectable coronary calcification varied 
from 0% (12) to 0.6% (23), 4% (11), 12% (13) and 18% (16). 
In one of these studies (13) two of five patients were in their 
30's. In the present study, significant stenosis without calcifi- 
cation had a relatively high frequency (9%) and was observed 
even in patients in their 80's (Fig. 1). These results uggest that 
clinically significant coronary atherosclerosis without calcifica- 
tion may be more common than previously thought. 
Gender differences in coronary artery calcification. Al- 
though the frequency of atherosclerotic coronary artery dis- 
ease differs between men and women, only a few previous 
electron beam computed tornographic studies (22,24,25) ad- 
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dressed this clinically important point. In the present study, 
among women with advanced coronary atherosclerosis (two- 
and three-vessel disease), all had elevated log-transformed 
total coronary calcification scores (Fig. 1), and the average 
values of log-transformed calcification scores in two- and 
three-vessel disease were 5.90 (n = 8) and 6.07 (n = 6), 
respectively. Among men, log-transformed calcification score 
levels were widely distributed in these groups, and the average 
value in patients with two-vessel disease was 4.19 (n = 35), 
which was significantly lower (p < 0.05) than the value in 
women, and the value in patients with three-vessel disease was 
5.54 (n = 24), which was slightly lower (p = NS) than that of 
women. This gender difference has not been previously re- 
ported, and the reasons for it are not clear. It also appeared to 
be the reason why in older patients (->60 years) log- 
transformed calcification score values were more predictive in 
women than in men (Fig. 4). In addition, coronary calcification 
appears to develop later in women than in men, because it was 
first noted in women in the 4th decade of life, -10 years later 
than it was noted in men. This observation was consistent with 
data previously obtained from asymptomatic subjects (22). 
Study patients and prediction of coronary atheroselerosis. 
In the present study, we included only patients in whom 
coronary artery disease was the major problem and excluded 
those who had undergone mergency angiography or previous 
interventional procedures resulting in the modification of 
atherosclerotic lesions. There were significant differences in 
Figure 4. Receiver operating characteristic curves for each age sub- 
group• Curves how data for men, women and all subjects. Optimal 
cutoff levels of the log-transformed calcification score [In(I+TCS)] 
determined from these curves are interposed. Upper panels, Results in 
all subjects (left), middle-aged patients (middle) and older patients 
(right). Lower panels, Results from each age group. 
the prevalence of patients with angiographically defined coro- 
nary atherosclerosis between men (104 [59%] of 174) and 
women (29 [37%] of 77) (p < 0.001 by chi-square test) and also 
among groups of patients classified by age (p < 0.001 by 
chi-square test) (Fig. 3). These findings uggested that age and 
gender could have affected disease prevalence, potentially 
altering the predictive values. 
Results of previous tudies (11-16,24,25) that assessed the 
relation between electron beam computed tomographic quan- 
tification of coronary artery calcification and clinical evidence 
of coronary artery disease have varied, possibly because of 
differences in the study groups or in methods used to assess 
disease. In the earliest study (13), coronary artery calcification 
was only semiquantitatively assessed (0, 1+ and 2+) with 
8-mm slice thickness and the number of study patients was 
relatively small (n = 54). Sensitivity and specificity of positive 
coronary artery calcification were 0.88 and 1.00, respectively. 
The second study (11) had a large number of patients (n = 
584) and reported high sensitivity (0.88 to 1.00 among various 
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Table 1. Validity of Log-Transformed Total Coronary Calcification Score for Prediction of 
Coronary Atherosclerosis 
Positive Negative 
Age Group Patients Cutoff Predictive Predictive 
(yr) (no.) Level Sensitivity Specificity Value Value Accuracy 
<40 16 0.0 0.50 (I.75 (I.40 0.82 0.69 
(0.01-(I.99) [0.51-1.00) (-0.03- (0.59-1.05) (0.46-0.92) 
0.83) 
40 to <5(1 47 2.1) 0.86 (I.94 0.86 0.94 0.91 
(0.67-1.04) (0.86-1.02) (0.67-1.(14) (0.86-1.02) (0.83-0.99) 
50 to <-60 57 2.0 0.82 0.75 0.74 0.82 0.79 
(0.67-0.96) (11.60-0.91) (0.58-0.90) (0.68-0.96) (0.68-0.89) 
611 to -<70 78 4.0 0.69 0.95 0.97 0.61 0.77 
(0.57-0.82) ((t.88 1.112) (0.92-1.03) (0.46-0.76) (0.68-0.87) 
>70 53 4.(1 (I.78 0.76 0.88 0.62 0.77 
(0.64-0.91) (0.56-0.91) (0.76-(I.99) (0.41-0.83) (0.66-0.89) 
All subjects 251 3.(1 0.77 0.86 0.86 0.76 0.81 
(0.7(/-(I.82) (0.80-0.92) (0.80-0.93) (0.69-0.83) (0.76-0.86) 
Numbers in parentheses represent the 95% confidence inte~'al. 
age groups) for predicting coronary artery disease; however. 
the methods used to assess the clinical evidence of coronary 
artery disease were variable. With regard to coronary angiog- 
raphy, only 87 patients were confirmed to have significant 
coronary atherosclerosis, and 21 had no significant lesions. 
Moreover, because the majority of the patients enrolled in that 
study were asymptomatic, the disease prevalence was low (109 
[19%] of 584). Therefore, high negative predictive values 
would have been expected. 
The third study (12) using both electron beam computed 
tomography and angiography was performed among patients 
with a high prevalence of disease (71 [71%] of 100) and 
reported a sensitivity and specificity of 0.94 and 0.72, respec- 
tively. That study was performed only in patients <60 years 
old; thus, the potential usefulness of its findings for older 
patients could not be investigated. 
A recent study (15) focusing only on patients <50 years old 
reported that the detection of coronary calcification could 
predict significant stenoses with a high sensitivity (0.85) and a 
relatively low specificity (0.45). In the present study, similar 
sensitivity (0.83) and a significantly higher specificity (0.64 [p < 
0.01 by chi-square analysis]) were obtained when the results of 
two age subgroups (<40 years and 40 to -<50 years; Table 1) 
were combined and a cutoff level was set at a log-transformed 
total coronary calcification score of 0. Although there were no 
significant differences in the sensitivity and positive predictive 
value among age subgroups, except for patients <40 years old, 
specificity and negative predictive value tended to decrease 
with age (Table 1). This trend appeared to be related to the 
increase in coronary calcification associated with age in pa- 
tients without significant stenosis (Fig. 1). 
Comparison with exercise stress tests. The number of false 
negative results associated with ECG and thallium exercise 
tests usually increases with patient age, because an increased 
incidence of complications contraindicates a ufficient exercise 
challenge. In a thallium/ECG exercise test, 76%/80% and 
85%/87% of patients reached a heart rate of 85% of maximal 
predicted and had a rate pressure product >18,000 mm 
Table 2. Validity of Electrocardiographic Exercise Test for Prediction of Coronary Atherosclerosis 
Positive Negative 
Age Group Patients Predictive Predictive 
(yr) (no.) Sensitivity Specificity. Value Value Accuracy 
<40 16 0.75 0.92 0.75 0.92 0.88 
((I.33-1.17) (0.76-1.07) (0.33-1.17) (0.76-l.07) (0.71-1.04) 
40 to <50 47 0.71 0.76 0.56 0.86 0.74 
(0.48-0.95) (0.61-0.90) (0.3.:}-0.79) (0.74-0.99) (0.62-0.87) 
50 to -<60 57 0.70 0.70 0.68 0.72 0.70 
(0.53-0.88) (0.54-(I.86) (0.51-0.85) (0.56-0.88) (0.58-0.81) 
60 to -<70 78 0.79 11.64 (I.81 0.61 0.75 
((I.68-0.90) (0.46-0.82) (0.71-0.92) (0.43-0.79) (0.65-0.84) 
->71) 53 0.72 0.76 0.87 0.57 0.74 
((I.57-(I.87) (0.56 (I .97) (0.75-0.99) (0.36-0.77) (0.62-0.86) 
All subjects 251 0.74 0.73 0.77 0.72 0.74 
(0.67-0.82) (0.65-0.81) (0.69-0.84) (0.63-0.79) (0.68-0.79) 
Numbers in parenthescs represent the 95% confidence interval. 
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Table 3. Validity of Thallium Exercise Test for Prediction of Coronary Atherosclerosis 
Positive Negative 
Age Group Patients Predictive Predictive 
(yr) (no.) Sensitivity Specificity Value Value Accuracy 
<40 16 1.00 0.42 0.36 1.00 0.56 
(l.00) (0.14-0.701 (0.08-0.65) (1.00) (0.32-0.81) 
40 to -<50 47 1.00 0.67 0.56 1.00 0.77 
(1.00) (0.51-0.831 (0.37-0.76) (1.0O) (0.65-0.89) 
50 to -<60 57 0.85 0.50 (].61 0.79 0.67 
(052-0.99) (0.33-0.67) (0.46-0.76) (0.61-0.97) (0.54-0.79) 
60 to -<7(I 78 0.83 0.64 0.82 0.65 0.77 
(0.70-0.93) (0.46-0.82) (0.72-0.92) (0.47-0.84) (0.68-0.86) 
->70 53 0.75 0.65 0.82 0.55 0.72 
(0.61-0.891 (0.42-0.87) (0.69-0.95) (0.33-0.77) (0.60-0.84) 
All subjects 25 l 0.83 0.60 0.70 0.76 0.73 
(0.77-0.90) (0.52-0.69) (0.63-0.77) (0.67-0.85) (0.67-0.78) 
Numbers in parentheses represent the 95% confidence interval. 
Hg/min, respectively. However, these proportions decreased 
with age, and in the group ->70 years old, the former propor- 
tion was 58%/62% and the latter was 75%/78%, respectively. 
Accordingly, insulficient exercise could explain our finding that 
the negative predictive value of both stress tests decreased with 
age (Tables 2 and 3). 
The thallium test in the present study was associated with a 
high false positive rate, resulting in low levels of specificity and 
positive predictive value (Table 3). These factors might be the 
major reason for the greater utility of the electron beam 
computed tomographic study; however, it appeared that both 
patient background and methodologic factors were responsible 
for this high false positive rate. In the present study, the 
incidence of angina pectoris related to coronary vasospasm (28 
[11%] of 251) was relatively high. Among those patients, seven 
reported chest pain only at rest, and four and seven, respec- 
tively, showed ST segment elevation and depression on tread- 
mill testing. This finding indicated that patients with vasospasm 
could not be identified from the clinical and ECG information. 
Significant stenoses were observed in 12 of these 28 patients. 
Among 16 patients with mild stenoses, 5 showed a positive 
thallium test (fixed defect in 2 and partial redistribution in 3), 
even though most of them (14 of 16) had negative results on 
treadmill testing. Although only 2 patients had a clinical 
episode of chest symptoms on the day of the thallium study, 19 
(68%) of 28 patients showed the perfusion abnormality in the 
territory of the artery in which coronary vasospasm was 
demonstrated. Therefore, it is possible that some thallium 
abnormalities were produced not by exercise-induced or recent 
spontaneous coronary vasospasm but by other undetermined 
factors related to vasospastic angina pectoris. 
Interpretation of the thallium test results might also con- 
tribute to the high false positive rate of this test. Among men, 
28 (16%) of 174 showed false positive results, and perfusion 
abnormalities in anteroseptal, inferior and (postero) lateral 
walls were observed in 8, 14 and 6 men, respectively. Their 
log-transformed total coronary calcification score values were 
1.31 - 1.77. Among women, 20 (26%) of 77 were judged to 
Table 4. Validity of Positive Test Results on Both Thallium and Treadmill Exercise Tests for 
Prediction of Coronary Atherosclerosis 
Positive Negative 
Age Group Patients Predictive Predictive 
(yr) (no.) Sensit iv ity Specificity Value Value Accuracy 
Numbers in parentheses represent the 95q~ confidence interval. 
<40 1 b 0.75 0.92 (}.75 0.92 0.88 
(0.33-1.17) (0.76-1.08) (1/.33-1.17) (0.76-1.071 (0.71-l.04) 
40 to <-50 47 0.71 0.85 0.67 0.88 0.81 
(0.48-0.94) (0.73-0.97) (0,43-(I.91) (0.76-0.99) (0.70-0,92) 
50 to -<60 57 0,67 0.83 0.78 0.73 0.75 
(0,49-0.84) (0,70-0.961 (0.61-0.95) (0.59-0.88) (0.64-0.86) 
60 to <71) 78 0.67 0,82 (I.89 0.56 0.73 
((I.55-0.80) (0.68-(}.97) (0.78-0.99) (0.41-0.72) (0.63-0,83) 
-> 70 53 {).58 I).82 0.88 (/.48 0.66 
(0.42-0.74) (0,64-1.1J11 (0,74-1.0l) (0.30-0.67) (0.53-0.79) 
All subjects 251 [}.65 (I.84 0.91 0.69 0.74 
(0.57-0.73) ((t.78-0.911 (0.86-(I.97) (0.60-0.75) (0.69-0.80) 
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Table 5. Validity of Positive Test Results on Either Thallium or Treadmill Exercise Tests for 
Prediction of Coronary Atherosclerosis 
Positive Negative 
Age Group Patients Predictive Predictive 
(yr) (no.) Sensitivity Specificity Value Value Accuracy 
<40 16 1.00 0.42 0.36 1.00 0.56 
(1.00) (0.14-0.70) (0.08-0.65) (1.00) (0.32-0.81) 
40 to -<50 47 1.00 0.58 0.50 1.00 0.70 
(I.00) (0.41-0.74) (0.31-0.69) (1.00) (0.57-0.83) 
50 to <60 57 0.89 0.37 0.56 0.79 0.61 
((I.77-1.01) ((I.2(t-0.53) (0.42-0.70) (0.57-1.00) (0.49-0.74) 
60 to -<70 78 0.94 (I.45 (I.78 0.80 0.78 
(0.88-1.01) (0.27-0.64i (I).67-0.88) (0.60-1.00) (0.69-0.88) 
>- 70 53 0.89 (I.59 (I.82 0.71 0.77 
(0.79-0.99) 10.36-0.79) (0.70-0.94) (0.48-0.95) (0.66-0.89) 
All subjects 251 (I.93 (I.49 0.66 0.85 0.72 
(0.88-0.97) (0.40-0.57) (0.59-0.73) (0.77-0.94) (0.67-0.78) 
Numbers in parentheses represent the 95q~- confidence interval. 
have a false positive test, and the perfusion abnormalities just 
described were detected in 7, 11 and 2 patients, respectively. 
The log-transformed calcification score values were 1.07 + 
1.41. After clinical data were given, the number of false 
positive results decreased from 28 to 22 among men and from 
20 to 11 among women. Most of these alterations were based 
on data relating to gender, obesity and the reasons for exercise 
termination. After these changes, false positive perfusion 
abnormalities in the anteroseptal, inferior and lateral walls, 
respectively, were again observed in 6, 10 and 6 men and in 2, 
7 and 2 women. These data suggest that he attenuation defects 
by the diaphragma (inferior wall) in both men and women and 
those by the breasts (anterior wall) in women might be 
overread in initial interpretations. The sensitivity and specific- 
ity of clinical thallium tests for patients with suspected coro- 
nary artery disease in our institution were -0.85 and 0.75, 
respectively. Thus, the high false positive rate resulting in the 
low specificity of our thallium study could be due to both a high 
incidence of coronary vasospasm and bias in image interpre- 
tations. The thallium stress test protocol of initial and 3-h 
delayed images used in the present study might overcall the 
incidence of myocardial scar. 
Table 6. Agreements Between Screening Methods 
95% 
Kappa Confidence 
Methods Value lnterval 
EBCT vs. ECG t).39 0.29-0.50 
EBCT vs. TI I).31 0.18-0.41 
ECG vs. TI I).38 0.28-0.50 
EBCT vs. (ECG and TI) 0.44 0.33-0.55 
EBCT vs. (ECG or TI) 0,26 0.14-0.38 
EBCT - total coronary calcification score obtained by electron beam 
computed tomography; ECG = electrocardiographic exercise test; TI = thallium 
exercise test; ECG and 33 positive results on both stress tests; ECG or TI - 
positive results on either stress test. 
Methodologic limitations. The results might have differed 
had a different patient group been studied. The rate of positive 
and negative predictive values would have been lower and 
higher, respectively, if we had studied subjects with a very low 
disease prevalence, such as asymptomatic young healthy sub- 
jects. The effects of the study group on the results obtained 
may also apply to those related to patient distribution by age 
and probably by gender. 
A receiver operating characteristic curve analysis (21) is a 
graphic approach to determining the best cutoff level for 
making a decision based on a continuous measurement. Al-
though a similar method was used in a previous study with 
electron beam computed tomography (11), disease prevalence 
was much lower in that study (109 [19%] of 584) than in the 
present study (133 [53%] of 251); therefore the data in the two 
studies cannot be directly compared. Determination of the 
cutoff level requires assessment of the clinical impact (not 
necessarily financial cost) associated with false positive and 
negative results. In the present study, we assumed that the 
negative impact of false positive results was equal to that of 
false negative results and defined the cutoff level as the point 
nearest the top left corner of the curve. Determination f the 
best cutoff level for log-transformed total coronary calcification 
score would also differ, depending on the background charac- 
teristics of the patients tudied. 
The quantification system used in our study may have 
influenced the results. Visualization of calcification only in the 
distal portion of coronary arteries appeared to be very rare in 
a previous report (1 of 58) (11) and also in the present study (4 
of 251). Thus, we considered that the results would be un- 
changed ifwe studied only calcification i  the proximal portion 
of coronary arteries. The "arbitrarily weighted ensity score" is 
another variable in our quantification system. It is not clear 
that the scoring system used in our study is the optimal 
method, and we are currently investigating other quantitative 
methods. For example, we have tried to calculate the sum of 
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Table 7. Comparison of Sensitivities and Specificities of Screening Methods for Predicting 
Coronary, Atherosclerosis 
Methods 
Age Group Patients EBCT vs. EBCT vs, EBCT vs. 
(yr) (no.) ECG EBCT vs. TI ECG vs. TI (ECG and Yl) (ECG or Tl) 
< 40 16 NS/NS NS/0.13 NS/0.042 NS/NS NS/0.13 
40 to -~50 47 NS/0.076 NS/0.015 0.13/NS NS/NS NS/0.0033 
50 to -<60 57 NS/NS NS/0.08 NS/0.12 NS/NS NS/0.0095 
60 to -<70 78 NS/0.015 0.17/0.015 NS/NS NS/0.0001 0.0035/0.0011 
> 70 53 NS/NS NS/NS NS/NS 0.12/NS NS/NS 
All subjects 251 NS/0.058 NS/0.0001 0.067/0.010 0.042/NS 0.001/0.0001 
The sensitivity/specificity values of three screening methods (Tables I to 5) are compared by McNemar test using 
chi-square distribution with 1 degree of freedom, and their p values are represented (NS; p -> 0.2). Abbreviations as in 
Table 6. 
the calcified plaque area (ram 2) in a selected age group (40 to 
-<60 years). With receiver operating characteristic curve anal- 
ysis, we obtained values for sensitivity (0.82) and rate of false 
positive results (0.17) similar to those of the present study. 
Thus, the influence of the arbitrarily weighted ensity score on 
our results might not be large. In addition, total coronary 
calcification score was the only method used in several pre- 
vious electron beam computed tomographic studies 
(11,12,14,15,22,261; thus, the results we obtained can be di- 
rectly compared with previous data. We performed two scans 
in the present study. There was no significant difference in 
their mean log-transformed total coronary calcification score 
values (2.83 and 2.78); however, the greatest difference was 
2.09. Thus, it is likely that results would differ if the log- 
transformed calcification score values from a single scan were 
subjected to the study. The present investigation focused only 
on quantification of total coronary calcification. Therefore, 
log-transformed calcification score values did not reflect he 
presence of a significant stenosis only in areas of calcification. 
Although our study was performed prospectively, determi- 
nation of the indications for angiography might be partly 
influenced by the stress test results. A review of the clinical 
records of the enrolled patients howed that the results of 
ECG and thallium exercise tests appeared to influence the 
decision to perform angiography for only eight and three 
patients, respectively. If these patients were excluded, all 
values of sensitivity and specificity and predictive values 
changed by 0.5% to 2.1%. Therefore, we considered that a 
post-test referral bias had little effect on the obtained results. 
The physiologic nformation i herent in the ECG stress test 
is not available from electron beam computed tomography or
thallium stress testing. This fact appeared to be one of the 
major limitations of the imaging rnodality used in our study. 
Clinical implications. In middle-aged patients with chest 
pain, the electron beam computed tomographic study pre- 
dicted the existence of coronary stenosis (Tables 7 and 8). 
Moreover, in patients with previously demonstrated myocar- 
dial ischemia, negative results obtained by computed tomog- 
raphy could suggest other causes of myocardial ischemia such 
as coronary vasospasm. Indeed, among 61 middle-aged pa- 
tients (from 40 to -<60 years) with a negative computed 
tomographic study, 15 showed positive results on ECG stress 
Table 8, Validity of Positive Test Results Among Patients 40 to -<60 Years Old 
Positive Negative 
Predictive Predictive 
Test Sensitivi b' Specificity Value Value Accuracy 
EBCT* 0.83 0.85 0.78 0.89 0.85 
(11.72-0.94) (0.76-0.95) (0.65-0.91) (0,81-0.96) (0.78-0.92) 
TI 0,90 0.59~ 0.59 0.90 0.71 
({L81-0.99) (0.47-0.71) (0.47-0.71) (0.81-0.99) (0.63-0.80) 
ECG 0.71 0.725:, 0.63 0.79 0.71 
(0.57-0,85) (0.62-0.83) (0.49-0.77) (0.69-0,89) (0.63-0.80) 
ECG and T1 (I.68 0.83 0.74 0.80 0.77 
(0.54-0.83) (0.75-0.93) ( ( I .6( I -0.881 (0.70-0.89) (0.69-0.85) 
ECG or TI 0.93 0.48§ 054 0.91 0.66 
(I).85-1.011 (0.36-0.60) (0 .42- ( I .65)  (0 ,81-1 .011  (0.57-0.75) 
*The optimal cutoff level of the log-transformed total coronab' calcification score was determined to be 2.0 by 
receiver operating characteristic curve. Differences in sensitivity and specificity between electron beam computed 
tomography (EBCT) and each of the other four tests were assessed by the McNemar test using chi-square distribution 
with 1 degree of freedom, and only those with p < 0.1 were indicated (?p = 0.002, :[:p = 0.062, §p = 0.0011). Numbers 
in parentheses represent the 95% confidence interval. Abbreviations as in Table 6. 
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Table 9. Positive Predictive Values for Significant Coronary Stenoses in Patients With Discordant 
Results on Electrocardiographic and Thallium Stress Tests 
T1 Positive and ECG Negative 
Age Group 
(yr) All Subjects Men Women 
T1 Negative and ECG Positive 
All Subjects Men Women 
< 41) 0.14 ( 1/6) (0/0) - -  - -  - -  
'40 <50 0.411 (3/'4) (1/2) 0.00 (0/2) (0il) 
50 <61) IL33 (3/3) (2/7) 0.20 (1/1) (0/3) 
60 -<71/ 0.62 17/1) (1/4} I).55 (5/'3) (1/2) 
> 70 0.67 (6/3) ((ll0j 0.83 (5/'0) (0/1) 
All subjects 0.44 (20/17) (4113) 0.48 (11/6) (1/7) 
Numbers in parentheses indicate the number of patients with significant stenosis/those fr e from significant stenosis. 
Abbreviations as in Table 6. 
testing, and 10 (67%) of the 15 showed coronary vasospasm. 
Of the remaining five patients, three (two men and one 
woman) had significant coronary stenoses with exercise- 
induced chest pain, and two had no significant lesions. 
In older patients (>-70 years), the noninvasive character of 
computed tomography appears to be especially useful. Because 
the validity of electron beam computed tomographic study in 
this age group was similar to that of stress tests (Table 7), we 
would recommend the computed tomographic study as the first 
examination for these patients in whom coronary artery dis- 
ease is suspected, if its financial cost decreases. 
Among young patients, especially those <40 years old, the 
utility of electron beam computed tomographic quantification 
remained controversial, as recently shown by others (15). In 
this age group, ECG exercise stress testing may be most useful 
(Tables 1 to 3). 
In view of the gender difference in the receiver operating 
characteristic curve analysis (Fig. 4), electron beam computed 
tomographic study can be strongly recommended for older 
women (->60 years). By contrast, in middle-aged patients (40 
to -<60 years), it appears to be more useful for men than 
for women. Although electron beam computed tomography 
has the potential advantage of being quantified, further studies 
will be required to determine its etficacy and cost-effectiveness. 
Conclusions. Noninvasive quantification ofcoronary artery 
calcification using electron beam computed tomography 
showed high sensitivity and specificity for predicting angio- 
graphically defined coronary atherosclerosis. The validity of 
this method was strongest in middle-aged patients and was not 
diminished in older patients. Electron beam computed tomo- 
graphic study appeared to be at least as useful and potentially 
better in some patient subgroups than are thallium and ECG 
exercise tests for prediction of clinically significant coronary 
stenosis. 
We express special thanks to staff cardiologists (Sensyu Hifumi, MD and 
colleagues) and technicians in Kanazawa Cardiovascular Hospital for their 
assistance in data collection and image analyses. 
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